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COMPOSITIONS AND METHODS FOR 
INHIBITING HUMAN IMMUNODEFICIENCY 

VIRUS INFECTION BY DOWN 
REGULATING HUMAN CELLULAR GENES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to International Application 
No. PCT/US98/11452, ?led Jun. 2, 1998 and US. patent 
application Ser. No. 09/087,609 ?led May 29, 1998, and 
further to US. patent application Ser. No. 08/867,314, ?led 
Jun. 2, 1997, now US. Pat. No. 6,071,743. Each of the 
patent applications referred to in this section is incorporated 
by reference herein in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to the identi?cation of 
certain human genes as cellular targets for the design of 
therapeutic agents for suppressing human immunode? 
ciency virus (HIV) infection. These genes encode products 
that are necessary for HIV infection, because HIV infection 
is inhibited When expression of these genes is doWn 
regulated. Therefore, compounds that inhibit expression of 
these genes or inhibit function of the encoded gene products 
can be used as therapeutic agents for the treatment and/or 
prevention of HIV infection. In addition, the invention 
relates to methods for identifying additional cellular genes 
as therapeutic targets for suppressing HIV infection, and 
methods of using such cellular genes and their encoded 
products in screening assays for selecting protective com 
pounds that inhibit HIV infection. The present invention also 
includes a method to prevent tumorigenesis. 

BACKGROUND OF THE INVENTION 

The primary cause of acquired immunode?ciency syn 
drome (AIDS) has been shoWn to be HIV (Barre-Sinoussi et 
al., 1983, Science 220:868—870; Gallo et al., 1984, Science 
224:500—503). HIV causes immunode?ciency in an indi 
vidual by infecting important cell types of the immune 
system, Which results in their depletion. This, in turn, leads 
to opportunistic infections, neoplastic groWth and death. 
HIV is a member of the lentivirus family of retroviruses 

(Teich et al., 1984, RNA Tumor Viruses, Weiss et al., eds., 
CSH-Press, pp. 949—956). Retroviruses are small enveloped 
viruses that contain a diploid, single-stranded RNA genome, 
and replicate via a DNA intermediate produced by a virally 
encoded reverse transcriptase, an RNA-dependant DNA 
polymerase (Varmus, 1988, Science 240:1427—1439). There 
are at least tWo distinct subtypes of HIV: HIV-1 (Barre 
Sinoussi et al., ibid.; Gallo et al., ibid.) and HIV-2 (Clavel et 
al., 1986, Science 233:343—346; Guyader et al., 1987, 
Nature 326:662—669). Genetic heterogeneity exists Within 
each of these HIV subtypes. 
CD4+ T cells are the major targets of HIV infection 

because the CD4 cell surface protein acts as a cellular 
receptor for HIV attachment (Dalgleish et al., 1984, Nature 
312:763—767; KlatZmann et al., 1984, Nature 312:767—768; 
Maddon et al., 1986, Cell 47:333—348). Viral entry into cells 
is dependent upon viral protein gp120 binding to the cellular 
CD4 receptor molecule (McDougal et al., 1986, Science 
231:382—385; Maddon et al., 1986, Cell 47:333—348). 
HIV infection is pandemic and HIV-associated diseases 

have become a World-Wide health problem. Despite consid 
erable efforts in the design of anti-HIV modalities, there is, 
thus far, no successful prophylactic or therapeutic regimen 
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against AIDS. HoWever, several stages of the HIV life cycle 
have been considered as potential targets for therapeutic 
intervention (Mitsuya et al., 1991, FASEB J. 5:2369—2381). 
For example, virally-encoded reverse transcriptase has been 
a major focus of drug development. A number of reverse 
transcriptase-targeted drugs, including 2N,3N 
dideoxynucleotide analogs such as AZT, ddI, ddC, and ddT 
have been shoWn to be active against HIV (Mitsuya et al., 
1990, Science 249:1533—1544). While bene?cial, these 
nucleotide analogs are not curative, probably due to the 
rapid appearance of drug resistant HIV mutants (Lander et 
al., 1989, Science 243:1731—1734). In addition, these drugs 
often exhibit toxic side effects, such as bone marroW 
suppression, vomiting, and liver abnormalities. 

Another stage of the HIV life cycle that has been targeted 
is viral entry into cells, the earliest stage of HIV infection. 
This approach has primarily utiliZed recombinant soluble 
CD4 protein to inhibit infection of CD4+ T cells by some 
HIV-1 strains (Smith et al., 1987, Science 238:1704—1707). 
Certain primary HIV-1 isolates, hoWever, are relatively less 
sensitive to inhibition by recombinant CD4 (Daar et al., 
1990, Proc. Natl. Acad. Sci. USA 87:6574—6579). To date, 
clinical trials of recombinant, soluble CD4 have produced 
inconclusive results (Schooley et al., 1990, Ann. Int. Med. 
112:247—253; Kahn et al., 1990, Ann. Int. Med. 
112:254—261; Yarchoan et al., 1989, Proc. Vth Int. Conf on 
AIDS, p. 564, MCP 137). 

Additionally, the later stages of HIV replication (Which 
involve crucial virus-speci?c processing of certain viral 
proteins and enZymes) have been targeted for anti-HIV drug 
development. Late-stage processing is dependent on the 
activity of a virally-encoded protease, and drugs including 
saquinavir, ritonavir, and indinavir have been developed to 
inhibit this protease (Pettit et al., 1993, Persp. Drug Discov. 
Design 1:69—83). With this class of drugs, the emergence of 
drug resistant HIV mutants is also a problem; resistance to 
one inhibitor often confers cross-resistance to other protease 

inhibitors (Condra et al., 1995, Nature 374:569—571). Also, 
these drugs often exhibit toxic side-effects such as nausea, 
altered taste, circumoral parethesias, fat deposits, diarrhea 
and nephrolithiasis. 

Antiviral therapy of HIV using different combinations of 
nucleoside analogs and protease inhibitors have recently 
been shoWn to be more effective than the use of a single drug 

alone (Torres et al., 1997, Infec. Med. 14:142—160). 
HoWever, despite the ability to achieve signi?cant decreases 
in viral burden, there is no evidence to date that combina 
tions of available drugs Will afford a curative treatment for 
AIDS. 

Other potential approaches for developing treatment for 
AIDS include the delivery of exogenous genes into infected 
cells. One such gene therapy approach involves the use of 
genetically-engineered viral vectors to introduce toxic gene 
products to kill HIV-infected cells. Another form of gene 
therapy is designed to protect virally-infected cells from 
cytolysis by speci?cally disrupting viral replication. Stable 
expression of RNA-based (decoys, antisense and riboZymes) 
or protein-based (transdominant mutants) HIV-1 antiviral 
agents can inhibit certain stages of the viral life cycle. A 
number of anti-HIV suppressors have been reported, such as 
decoy RNA of TAR or RRE (Sullenger et al., 1990, Cell 
63:601—608; Sullenger et al., 1991, J. Viral. 65:6811—6816; 
LisZieWicZ et al., 1993, New Biol. 3:82—89; Lee et al., 1994, 
J. Viral. 68:8254—8264), riboZymes (Sarver et al., 1990, 
Science 247:1222—1225; Wecrasinghe et al., 1991, J. Viral. 
65:5531—5534; Dropulic et al., 1992, J. Viral. 
66:1432—1441; OjWang et al., 1992, Proc. Natl. Acad. Sci. 
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USA 89:10802—10806; Yu et a1., 1993, Proc. Natl. Acad. Sci. 
USA 90:6340—6344; Yu et a1., 1995, Proc. Natl. Acad. Sci. 
USA 92:699—703; Yamada et a1., 1994, Gene Therapy 
1:38—45), antisense RNA complementary to the mRNA of 
viral gag, tat, rev or env genes (SeZakiel et 211., 1991, J. Viral. 
65:468—472; Chatterjee et a1., 1992, Science 
258:1485—1488; Rhodes et a1., 1990, J. gen. Viral. 71:1965. 
Rhodes et a1., 1991, AIDS 5:145—151; SeZakiel et a1., 1992, 
J. Viral. 66:5576—5581; Joshi et a1., 1991, J. Viral. 
65:5524—5530) and transdominant mutants including Rev 
(Bevec et a1., 1992, Proc. Natl. Acad. Sci. USA 
89:9870—9874), Tat (Pearson et a1., 1990, Proc. Natl. Acad. 
Sci. USA 87:5079—5083; Modesti et a1., 1991, New Biol. 
3:759—768), Gag (Trono et a1., 1989, Cell 59:113—120), Env 
(Bushschacher et a1., 1995, J. Viral. 69:1344—1348) and 
protease (Junker et a1., 1996, J. Viral. 70:7765—7772). 

Antisense polynucleotides have been designed to com 
pleX With and sequester the HIV-1 transcripts (Holmes et a1., 
WO 93/11230; Lipps et a1., WO 94/10302; Kretschmer et 
a1., EP 594,881; and Chatterjee et a1., 1992, Science 
258:1485). Furthermore, an enZymatically active RNA, 
termed riboZyme, has been used to cleave viral transcripts. 
The use of a riboZyme to generate resistance to HIV-1 in a 
hematopoietic cell line has been reported (OjWang et a1., 
1992, Proc. Natl. Acad. Sci. USA 89:10802—06; Yamada et 
a1., 1994, Gene Therapy 1:38—45; Ho et a1., WO 94/26877; 
and Cech and Su11enger, W0 95/ 13379). In preclinical 
studies, RevM10, a transdominant Rev protein, has been 
transfected eX vivo into CD4- cells of HIV-infected indi 
viduals and shoWn to confer survival advantage over cells 
transfected With vector only (Woffendin et a1., 1996, Proc. 
Natl. Acad. Sci. USA 93:2889—2894). 

Despite enormous efforts in the art, reliable, curative 
anti-HIV therapeutic agents and regimens have not been 
developed. 

In nature, evolution of an intracellular pathogen such as 
HIV requires the development of interactions of its genes 
and gene products With multiple cellular components. For 
instance, the interactions of a virus With a host cell involves 
binding of the virus to a speci?c cellular receptor(s), trans 
location through the cellular membrane, uncoating, replica 
tion of the viral genome, transcription of the viral genes, etc. 
Each of these events occurs in a cell and involves interac 
tions With a cellular component. Thus, the life cycle of a 
virus can be completed only if the cell is “permissive” for 
viral infection. Availability of amino acids and nucleotides 
for replication of the viral genome and protein synthesis, 
energy status of the cell, the presence of cellular transcrip 
tion factors and enZymes all contribute to the propagation of 
the virus in the cell. Consequently, the cellular components, 
in part, determine host cell susceptibility to infection, and 
can be used as potential targets for the development of neW 
therapeutic interventions. In the case of HIV, one cellular 
component that has been used toWards this end is the cell 
surface molecule for HIV attachment, CD4. 

Recently, it Was reported that HIV entry into a susceptible 
cell requires the expression of a second type of receptor, the 
chemokine receptors (CCR2, CCR3, CCR5 or CXCR4), in 
addition to CD4 (Moore, 1997, Science 276:51—52). A 
chemokine receptor normally binds RANTES, MIP-IO. and 
MIP-1[3 as its natural ligand. In the case of HIV infection, it 
has been proposed that CD4 ?rst binds to the HIV gp120 
protein on the cell surface folloWed by binding of this 
complex to a chemokine receptor, resulting in viral entry 
into the cells (Cohen, 1997, Science 27511261). Therefore, 
chemokine receptors can present an additional cellular target 
for the design of HIV therapeutic agents. Inhibitors of 
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HIV/chemokine receptor interactions are being tested as 
anti-HIV agents. HoWever, there remains a need for the 
discovery of additional cellular targets for the design of 
anti-HIV therapeutics, particularly intracellular targets for 
disrupting viral replication after viral entry into a cell. 

It also has been reported that overeXpression of the hdm2 
protein drives oncogenesis through antagonism of the p53 
tumor suppressor protein. Binding of hdm2 to p53 promotes 
the degradation of p53. Several recent reports focus on the 
requirement for the hdm2 protein to actively shuttle betWeen 
nucleus and cytoplasm in order to eXert inhibition of p53 
(Lain et a1., 1999, Exp. Cell Res. 248:457—472). An inhibitor 
of nuclear eXport activates the p53 response and induces the 
localiZation of HDM2 and p53 to U1A-positive nuclear 
bodies associated With the PODs (Roth et a1., 1998, EMBO 
J. 15 :554—564). Nucleo-cytoplasmic shuttling of the hdm2 
oncoprotein regulates the levels of the p53 protein via a 
pathWay also used by the human immunode?ciency virus 
rev protein (Tao et a1., 1999, Proc. Natl. Acad. Sci. USA 
96:3077—3080). P19(ARF) stabiliZes p53 by blocking 
nucleo-cytoplasmic shuttling of Mdm2 (Tao et a1., 1999, 
Proc. Natl. Acad. Sci. USA 96:6937—6941). Thus, shuttling 
of the hdm2 protein apparently depends on a nuclear eXport 
pathWay that overlaps, or is identical to, that utiliZed by the 
HIV rev protein. Furthermore, the P19 tumor sup 
pressor stabiliZes p53, thereby inhibiting tumorigenesis, by 
interfering With this nucleo-cytoplasmic shuttling. 

Thus, there remains a need to isolate and identify genetic 
suppressor elements and cellular target genes that are 
involved in the inhibition of HIV infection or tumorigenesis. 

SUMMARY OF THE INVENTION 

The present invention relates to compositions and meth 
ods for inhibiting HIV infection by doWn-regulating expres 
sion of certain human cellular genes and/or inhibiting the 
activity of products encoded by such genes. In particular, it 
relates to a number of human cell-derived nucleic acid 
molecules Which inhibit HIV infection in susceptible cells. 
The isolated nucleic acid molecules correspond to portions 
of cellular genes or complements thereof, and are referred to 
herein as genetic suppressor elements (GSEs). The cellular 
genes encode intracellular products necessary for productive 
HIV infection. Additionally, small molecule inhibitors of the 
same cellular genes and their encoded products are also 
Within the scope of the present invention. The invention also 
relates to methods for identifying additional cellular genes 
as therapeutic targets for suppressing HIV infection, and 
methods for using such cellular genes and their encoded 
products for selecting additional inhibitors of HIV. 

The invention is based, in part, on the Applicants’ dis 
covery that nucleic acid molecules isolated from human 
cells can prevent both the activation of latent HIV-1 in a 
CD4+ cell line and productive HIV infection in such cells, 
and that such nucleic acid molecules correspond to frag 
ments of certain human cellular genes. In that regard, any 
cellular or viral marker associated With HIV infection can be 
used to select for such nucleic acid molecules. An eXample 
of such a marker is CD4, Which is conveniently monitored 
by using a speci?c antibody. 

Based on substantial sequence identity (90%—100%), a 
number of the isolated GSEs correspond to portions of 
human cellular genes that encode different subunits of a 
mitochondrial enZyme complex, NADH dehydrogenase. In 
addition, inhibitors of this enZyme also inhibit HIV infection 
in susceptible host cells, including freshly isolated human 
CD4+ T cells. Furthermore, additional GSEs have been 
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selected that have substantial sequence identity 
(90%—100%) With the following cell-derived nucleic acid 
molecules: 2-oXoglutarate dehydrogenase, M2-type pyru 
vate kinase/cytosolic thyroid hormone binding protein, 
calneXin, ADP-ribosylation factor 3, eukaryotic initiation 
factor 3, protein tyrosine phosphatase, herpesvirus 
associated ubiquitin-speci?c protease, eukaryotic initiation 
factor 4B, CD44, phosphatidyl-inositol 3 kinase, elongation 
factor 1 alpha, bone morphogenic protein-1, double-strand 
break DNA repair gene protein, rat guanine nucleotide 
releasing protein, anti-proliferative factor (BTG-1), 
lymphocyte-speci?c protein 1, protein phosphatase 2A, 
squalene synthetase, eukaryotic release factor 1, GTP bind 
ing protein, importin beta subunit, cell adhesion molecule 
L1, U-snRNP associated cyclophilin, recepin, Arg/Abl inter 
acting protein (ArgBP2A), keratin-related protein, p18 
protein, p40 protein, glucosidase II, alpha enolase, macroph 
age in?ammatory protein 1 alpha, tumor protein 
translationally-controlled 1 (TCTP1), BBC1, Nef interacting 
protein, Na+-D-glucose cotransport regulator gene protein, 
hsp90 chaperone protein, FK506-binding protein A1, RoX, 
beta signal sequence receptor, tumorous imaginal disc 
protein, cell surface heparin binding protein, SH2 
containing inositol 5-phosphatase (referred to herein as 
SHIP), guanine nucleotide binding protein beta polypeptide 
2-like 1 (referred to herein as GNB2L1), arginyl tRNA 
synthetase (referred to herein as ArgRS), ABC transporter, 
cell division cycle 42 GTP-binding protein (referred to 
herein as CDC42), cyclosporin-A 19 (referred to herein as 
Csa-19), src kinase p59 (referred to herein as FYN), cathe 
psin B (referred to herein as CTSB), cathepsin L and 
glutaredoXin (referred to herein as GLRX). 
Among the GSEs selected to inhibit HIV infection, sev 

eral function in the sense orientation, While others function 
in the antisense orientation. Not intending to be bound by 
any particular theory, the GSEs of the invention are believed 
to doWn-regulate a cellular gene by different mechanisms. 
The GSEs are expressed in a host cell by encoding RNA 
molecules that do or do not encode protein products. GSEs 
in the sense orientation can eXert their effects as transdomi 
nant mutants or RNA decoys. Transdominant mutants are 
expressed proteins or peptides that competitively inhibit the 
normal function of a Wild-type protein in a dominant fash 
ion. RNA decoys are protein binding sites that titrate out 
these proteins. GSEs in the antisense orientation can eXert 
their effects as antisense RNA; i.e. nucleic acid molecules 
complementary to the mRNA of the target gene. These 
nucleic acid molecules bind to mRNA and block the trans 
lation of the mRNA. Some antisense nucleic acid molecules 
can act directly at the DNA level to inhibit transcription. The 
doWn-regulation of a cellular gene by a GSE, in turn, 
removes a cellular component necessary for, for eXample 
HIV replication, resulting in an inhibition of HIV infection. 
AWide range of uses are encompassed by the invention 

including, but not limited to, HIV treatment and prevention 
by transferring protective GSE compounds as inhibitory 
compositions into HIV-susceptible cell types. For eXample, 
GSEs can be transferred into T cells, particularly CD4+ T 
cells that are the major cell population targeted by HIV. 
Alternatively, GSEs can be transferred into hematopoietic 
stem cells in vitro folloWed by their engraftment in an 
autologous or histocompatible or even histoincompatible 
recipient. In another embodiment, any cells susceptible to 
HIV infection can be directly transduced or transfected With 
GSEs in vivo. In yet another embodiment, inhibitors of 
NADH dehydrogenase, 2-oXoglutarate dehydrogenase, 
M2-type pyruvate kinase/cytosolic thyroid hormone binding 
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6 
protein, calneXin, ADP-ribosylation factor 3, eukaryotic 
initiation factor 3, protein tyrosine phosphatase, 
herpesvirus-associated ubiquitin-speci?c protease, eukary 
otic initiation factor 4B, CD44, phosphatidyl-inositol 3 
kinase, elongation factor 1 alpha, bone morphogenic 
protein-1, double-strand break DNA repair gene protein, rat 
guanine nucleotide releasing protein, anti-proliferative fac 
tor (BTG-1), lymphocyte-speci?c protein 1, protein phos 
phatase 2A, squalene synthetase, eukaryotic release factor 1, 
GTP binding protein, importin beta subunit, cell adhesion 
molecule L1, U-snRNP associated cyclophilin, recepin, Arg/ 
Abl interacting protein (ArgBP2A), keratin related protein, 
p18 protein, p40 protein, glucosidase II, alpha enolase, 
macrophage in?ammatory protein 1 alpha, tumor protein 
translationally-controlled 1 (TCTP1), BBC1, Nef interacting 
protein, Na+-D-glucose cotransport regulator gene protein, 
hsp90 chaperone protein, FK506-binding protein A1, RoX, 
beta signal sequence receptor, tumorous imaginal disc 
protein, cell surface heparin binding protein, SH2 
containing inositol 5-phosphatase (SHIP), guanine nucle 
otide binding protein beta polypeptide 2-like 1 (GNB2L1), 
arginyl tRNA synthetase (ArgRS), ABC transporter, cell 
division cycle 42 GTP-binding protein (CDC42), 
cyclosporin-A 19 (Csa-19), src kinase p59 (FYN), cathepsin 
B (CTSB), cathepsin L and glutaredoXin (GLRX) can be 
used as inhibitory compositions in vivo to suppress or 
prevent HIV infection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the percentage of CD4+ 0M10.1 cells 
that diminish after TNF-0t induction; TNF-induced cells, 
-I-; uninduced cells, -§-. 

FIG. 2 illustrates the percentage of intracellular p24+ 
CEM-ss cells containing the CF-315 sequence (SEQ ID 
N011) after infection With HIV-1S1T2 at a TCID5O of 1000. 
CEM-ss cells (106) containing the C-315 construct or con 
trol vector DNA (denoted as LNGFRM) Were harvested on 
the indicated days post infection, stained With FITC 
conjugated anti-p24 monoclonal antibody and analyZed by 
How cytometry. Mock infected cells, - <> -; LNGFRM vector 
infected cells, -III-; and C-315 infected cells, -A-. 

FIG. 3 illustrates the percentage of intracellular p24+ 
CEM-ss cells containing various GSEs1 CF-004 (SEQ ID 
N017), CF-025 (SEQ ID N015), CF-113 (SEQ ID N018) 
and CF-204 (SEQ ID N019) after infection With HIV-15F2 at 
a TCID5O of 1000. Controls include mock-infected, vector 
(LNGFRM)-infected and HIV-infected CEM-ss cells. 

FIG. 4 illustrates the percentage of intracellular p24+ 
CEM-ss cells containing CF-001 (SEQ ID N0110) after 
infection With HIV-1S1T2 at a TCID5O of 1000. Controls 
include mock-infected and vector (LNGFRM)-infected 
cells. 

FIG. 5 illustrates the percentage of CD4+ 0M10.1 cells 
after treatment With amytal folloWing TNF-0t induction. 
TNF induction, -A-; no TNF induction, -I-. 

FIG. 6 illustrates the percentage of CD4+ 0M10.1 cells 
after treatment With mofarotene folloWing TNF-0t induction. 
TNF induction, -I-; no TNF induction, -§-. 

FIG. 7 illustrates the percentage of intracellular p24+ 
CEM-ss cells containing various GSEs1 CF-527 (SEQ ID 
N0141), CF-529 (SEQ ID N0145) and CF-531 (SEQ ID 
N0147) after infection With HIV-15F2 at a TCID5O of 1000. 
Controls include mock-infected, vector (LNGFRM) 
infected and CEM-ss cells transfected With RevM10. 

FIG. 8 illustrates the percentage of intracellular p24+ 
CEM-ss cells containing the GSE CF-579 (SEQ ID N0161) 
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after infection With HIV-15F2 at a TCID5O of 1000. Controls 
include mock-infected, vector (LNGFRM)-infected and 
CEM-ss cells transfected With RevM10. 

FIG. 9 illustrates the percentage of intracellular p24+ 
CEM-ss cells containing various GSEs: CF-619 (SEQ ID 
NO:53), CF-620 (SEQ ID N055) and CF-624 (SEQ ID 
NO:57) after infection With HIV-1S1T2 at a TCID5O of 1000. 
Controls include mock-infected, vector (LNGFRM) 
infected and CEM-ss cells transfected With RevM10. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention includes novel methods to identify 
genetic suppressor elements capable of inhibiting HIV 
infection, genetic suppressor elements identi?ed by such 
methods, nucleic acid molecules representing host cellular 
genes involved in HIV infection and inhibitory compositions 
that inhibit HIV infection by doWn-regulating the expression 
of such cellular genes or inhibit the activity of the products 
of such cellular genes. As used herein, the term “HIV 
infection” refers to the ability of HIV to enter a host cell 
and/or replicate in the host cell. The present invention also 
relates to nucleic acid molecules and proteins that prevent 
tumorigenesis and methods to use such nucleic acid mol 
ecules and proteins. According to the present invention, the 
cell-derived proteins and cell-derived nucleic acid mol 
ecules disclosed herein may also inhibit tumorigenesis, as 
Well as HIV infection. As such, it is intended that the 
functional de?nitions of protein and nucleic acid homologs 
and protective compounds include the function of prevent 
ing tumorigenesis. 

One embodiment of the present invention is a method for 
isolating genetic suppressor elements, referred to herein as 
GSEs, comprising the steps of: 1) randomly fragmenting 
cell-derived cDNA into fragments; 2) inserting the frag 
ments into expression vectors to form a random fragment 
expression (RFE) library; 3) transferring the expression 
library into a population of cells containing an inducible 
latent HIV-1 provirus or susceptible to HIV infection; 4) 
selecting a subpopulation of cells Which contain a subset of 
the expression library enriched for GSEs by monitoring the 
expression of a cellular or viral marker associated With HIV 
infection; and 5) recovering the GSEs from the selected cell 
population. In preferred embodiments, the cell-derived 
cDNA is randomly-fragmented into 100—700 base pair (bp) 
fragments. The method further includes repetition of the 
aforementioned steps so that many rounds of successive 
selection can be performed. The method can further com 
prise the step of selecting GSEs by determining the contin 
ued expression of a cellular marker such as CD4 or the 
decreased expression of a viral marker such as p24 or gp120 
using, for example, an antibody. 

The invention is discussed in more detail in the subsec 
tions beloW, solely for purposes of description and not by 
Way of limitation. For clarity of discussion, the speci?c 
procedures and methods described herein are exempli?ed 
using OM10.1 cells, CEM-ss cells, tumor necrosis factor 
alpha (TNF-ot), an anti-CD4 antibody, and an anti-p24 
antibody, but they are merely illustrative for the practice of 
the invention. Analogous procedures and techniques are 
equally applicable to isolating GSEs from other cellular 
DNA, utiliZing any cell line and any marker associated With 
HIV infection that can be easily assayed. 
A cell-derived RFE library can be constructed from 

nucleic acid molecules of any mammalian cells preferably 
from cDNA of HIV-susceptible cells. In that regard, 

10 

15 

20 

25 

35 

40 

45 

50 

55 

60 

65 

8 
Example 1 demonstrates that GSEs can be selected from 
HL-60 cells that are naturally susceptible to HIV infection 
and from HeLa cells Which are not naturally susceptible to 
HIV infection due to the lack of CD4 expression. HoWever, 
it has been shoWn that expression of CD4 on the surface of 
HeLa cells by means of a retoviral vector renders the cells 
susceptible to HIV infection. Therefore, cell types not nor 
mally susceptible to HIV infection can still be useful as a 
source of genetic material for the construction of RFE 
libraries. It is also preferred that a normaliZed cDNA library 
is prepared (Gudkov and Roninson, 1996, Methods is 
Molecular Biology 69:229—231). DNA is ?rst treated With 
enZymes to produce randomly cleaved fragments. This can 
be conveniently performed by DNase I cleavage in the 
presence of Mn++ (Roninson et al., US. Pat. No. 5,217,889, 
column 5, lines 5—20). Thereafter, the randomly-cleaved 
DNA is siZe fractionated by gel electrophoresis. Fragments 
of betWeen 100 and 700 bp are the preferred lengths for 
constructing RFE libraries. Single strand breaks of the 
siZe-selected fragments are repaired by methods Well knoWn 
in the art. 
The fragments are ligated With 5‘ and 3‘ adaptors, Which 

arc selected to have non-cohesive restriction sites so that 
each fragment can be inserted into an expression vector in an 
oriented fashion. Further, the 5‘ adaptor contains a start 
(ATG) codon to alloW the translation of the fragments Which 
contain an open reading frame in the correct phase. The 
fragments are then inserted into appropriate expression 
vectors. Any expression vector that results in ef?cient 
expression of the fragments in host cells can be used. In a 
preferred embodiment viral-based vectors such as the ret 
roviral vectors LNCX (Miller and Rosman, 1989, BioTech 
niques 7:980) and LNGFRM are exempli?ed. Alternatively, 
adenovirus, adeno-associated virus and herpes virus vectors 
can also be used for this purpose. 
When viral-based vectors are used, the ligated vectors are 

?rst transfected into a packaging cell line to produce viral 
particles. For retroviral vectors, any amphotropic packaging 
line such as PA317 (Miller and Buttimore, 1986, Mol. Cell. 
Biol. 6:2895—2902; ATCC CRL #9078) can be used to 
ef?ciently produce virus. In a preferred embodiment of the 
invention, the viral vector also contains a selectable gene, 
such as the neo’ gene or a truncated nerve groWth factor 
receptor (NGFR) gene, Which alloWs isolation of the cells 
that contain the vector. 
The number of independent clones present in each RFE 

expression library can vary. In a preferred embodiment, 
libraries of cell-derived cDNA of about 106 to 108 indepen 
dent clones can be used. 

In a speci?c embodiment illustrated by Way of example in 
Example 1, OM10.1 cells are used to select for GSEs, and 
are maintained in conventional tissue culture as described in 
Butera, US. Pat. No. 5,256,534. The purpose of using 
OM10.1 cells for the selection of GSEs is that they contain 
a latent HIV-1 provirus Which is inducible by TNF-ot. Other 
cell lines can be similarly engineered With an inducible HIV 
provirus. Examples of cell lines that are infected With latent 
HIV include, but arc not limited to, U1, U33, 8E5, ACH-2, 
LL58, THP/HIV and UHC4 (Bednarik and Folks, 1992, 
AIDS 6:3—16). A variety of agents have been shoWn to be 
capable of inducing latent HIV-infected cells, and these 
include TNF-ot, TNF-B, interleukins-1, -2, -3, -4 and -6, 
granulocyte-macrophage colony stimulating factors, 
macrophage-colony stimulating factors, interferon-0t, trans 
forming groWth factor-[3, PMA, retinoic acid and vitamin D3 
(Poli and Fauci, 1992, AIDS Res. Human Retroviruses 
9:191—197). Alternatively, GSEs can be selected on the basis 
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of their ability to directly protect HIV-susceptible cells from 
HIV infection using methods described herein. 

The cell-derived RFE library can be introduced into 
latently HIV-infected cells or HIV-susceptible cells by any 
technique Well knoWn in the art that is appropriate to the 
vector system employed. In one embodiment of the 
invention, the viral vector also contains a selectable marker 
in addition to a random fragment of cellular DNA. Asuitable 
marker is the neo’ gene, Which permits selection of cells 
containing RFE library members using the drug G-418. In a 
preferred embodiment, the viral vector contains a truncated 
loW af?nity nerve groWth factor receptor (NGFR) that per 
mits selection of the cells using an anti-NGFR monoclonal 
antibody. In alternative embodiments, the multiplicity of 
infection of the virions of the library is adjusted so that 
pre-selection for cells that are transduced by the vector is not 
needed. 

In the case of OM10.1 cells, the transduced cell popula 
tion is treated With 10 U/mL TNF-ot for a period of 24—72 
hours and preferably about 24 hours according to the method 
of Butera. The activation of the latent HIV-1 provirus in 
OM10.1 can be detected by the suppression of the cell 
surface CD4. (It is believed that viral protein gp120 binds to 
CD4 in the cytoplasm, Which prevents subsequent expres 
sion of CD4 on the cell surface.) Clones that are resistant to 
HIV replication continue to express cell surface CD4. Such 
clones can be selected, for example, by cell sorting using any 
antibody staining technique for CD4 and a ?uorescence 
activated cell sorter (FACS). 

The fraction of CD4+ cells that have been transduced With 
the RFE library can be compared With cells transduced With 
an expression library consisting of the vector only. An 
increased relative difference betWeen the cell-derived RFE 
library and the control library can be found With each 
additional round of TNF-ot induction. Thus, in the preferred 
embodiment of the invention there are at least tWo cycles of 
induction, selection and recloning before the GSEs are 
recovered from the cells for further characteriZation. 

After selection, speci?c nucleic acid molecules corre 
sponding to the GSEs can be recovered from cells that 
continue to express CD4 folloWing induction of the latent 
HIV provirus by TNF-ot. The speci?c GSEs are recovered 
from genomic DNA isolated from CD4+ cells sorted by 
FACS after TNF-ot induction. The GSEs in this population 
are preferably recovered by PCR ampli?cation using prim 
ers designed from the sequences of the vector. 

The recovered GSEs can be introduced into an expression 
vector as discussed in the Examples section herein. The 
resultant GSEs expression library is knoWn as a secondary 
library. The secondary library can utiliZe the same or a 
different vector from that used for the construction of the 
primary library. The secondary library can be transduced 
into another cell population and the resultant population 
selected, recloned and processed as described herein. 

Additionally, each individually recovered GSE can be 
inserted into cloning vectors for determining its speci?c 
nucleotide sequence and its orientation. The sequence of the 
GSE is then compared With sequences of knoWn genes to 
determine the portion of the cellular gene With Which it 
corresponds. Alternatively, the PCR products themselves 
can be directly sequenced to determine their nucleotide 
sequences. Concurrently, the isolated GSEs can be analyZed 
to determine their minimal core sequences. Acore sequence 
is a common sequence found by comparison of GSEs With 
overlapping sequences. The GSEs are further tested for their 
ability to protect previously uninfected cells from HIV 
infection. 
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10 
Another embodiment of the present invention includes a 

method for determining the core sequence of a GSE. This 
can be done by comparing overlapping sequences of inde 
pendently derived GSEs. Alternatively, GSEs can be altered 
by additions, substitutions or deletions and assayed for 
retention of HIV-suppressive function. Alterations in the 
GSEs sequences can be generated using a variety of chemi 
cal and enZymatic methods Which are Well knoWn to those 
skilled in the art. For example, oligonucleotide-directed 
mutagenesis can be employed to alter the GSE sequence in 
a de?ned Way and/or to introduce restriction sites in speci?c 
regions Within the sequence. Additionally, deletion mutants 
can be generated using DNA nucleases such as Bal 31 or 
Exo III and S1 nuclease. Progressively larger deletions in the 
GSE sequences can be generated by incubating the DNA 
With nucleases for increased periods of time (see Ausubel, et 
al., ibid., for a revieW of mutagenesis techniques). 
The altered sequences can be evaluated for their ability to 

suppress expression of HIV proteins such as p24 in appro 
priate host cells. It is Within the scope of the present 
invention that any altered or shortened GSE nucleic acid 
molecules that retain their ability to suppress HIV infection 
can be incorporated into recombinant expression vectors for 
further use. 

In order to con?rm that the selected GSEs can protect 
uninfected cells from HIV infection, the GSEs can be 
transferred into latently HIV infected or into HIV 
susceptible host cells folloWed by HIV infection. In this 
connection, GSEs also can be directly selected from a RFE 
library for their ability to prevent productive infection by 
HIV, as shoWn in a speci?c embodiment exempli?ed in the 
Examples section herein. Protection experiments can be 
performed in any cell type that takes up the potential GSEs 
and that is otherWise susceptible to HIV infection. In a 
preferred embodiment by Way of example, the CEM-ss cell 
line is used (Foley et al. 1965, Cancer 18:522—529). The use 
of CEM-ss cells as targets for quantitative infectivity of 
HIV-1 has been described by Nara & Fischinger (1988, 
Nature 322:469—470). Other cell lines that are susceptible to 
HIV infection include, but are not limited to, HUT-78, H19, 
Jurkat E6-1, A301, U-937, AA-2, HeLa CD4+ and C8166. 
In addition, freshly isolated peripheral blood leukocytes can 
be used. 

The test of the potential GSEs can be performed using the 
same expression vector system as that employed in the RFE 
library transduction of cells during initial selection steps. In 
other embodiments, the vector system can be modi?ed to 
achieve higher levels of expression, e.g., the linkers can be 
employed to introduce a leader sequence that increases the 
translational efficiency of the message. One such sequence is 
disclosed by KoZak, 1994, Biochemie 76:815—821. 

Another Way of testing the effectiveness of a potential 
GSE against HIV infection is to determine hoW rapidly 
HIV-1 variants develop that can negate the effects of that 
element. Such a test includes infection of a culture of 
susceptible cells such as CEM-ss cells at a loW multiplicity 
of infection and repeatedly assaying the culture to determine 
Whether and hoW quickly HIV-1 infection becomes Wide 
spread. The range of useful multiplicities of infection is 
betWeen about 100 to 1000 tissue culture infectious units 
(TCIDSO, per 106 CEM-ss cells. The TCID5O is determined 
by an endpoint method and is important for determining the 
input multiplicity of infection (moi). 
A parameter that correlates With the development in the 

test culture of HIV-1 strains that are resistant to the effects 
of the potential GSEs is the fraction of cells that are infected 






















































































